characteristic zero case is then deduced in a long chapter, which is an updated version of a tract written by L. P. D. van den Dries and includes Artin's Approximation Theorem and henzelization. Finally, the existence of these modules is used to establish 'New Intersection' in the equal characteristic case; here also part of Robert's proof in the unequal case is included.
D. KlRBY

COHEN-MACAULAY MODULES OVER COHEN-MACAULAY RINGS
By YUJI YOSHINO: 177 pp., £15.00, ISBN 0 521 35694 6 (Cambridge University Press, 1990 ).
The subject of this book, which is the study of the structure of the category of Cohen-Macaulay modules over Cohen-Macaulay local rings, covers numerous widely scattered pages of the literature. The methods involved originate from Auslander and Reiten's theory of the representations of Artinian algebras, begun in the seventies. Rapid progress has been made over the last five years in developing and applying these techniques to maximal (finitely generated) Cohen-Macaulay modules over Cohen-Macaulay local rings. In particular, it appears that rings of finite representation type, that is, those rings which have finitely many indecomposable modules in this category, must be those with well-behaved singularities. This book gives a coherent self-contained account of the research so far, as well as some new results.
Throughout, the ring R considered is a (commutative) Henselian CohenMacaulay local ring with residue field k and is assumed (almost always) to have a canonical module. The first few chapters of the book describe the theory of Auslander and Reiten as developed to the category of finitely generated maximal CohenMacaulay modules (denoted C{R)) over rings such as R. The Auslander-Reiten (AR) quiver of R is defined to be a graph with vertices the isomorphism classes of indecomposable maximal Cohen-Macaulay modules over R. If u and v are vertices representing the isomorphism classes of M and N respectively, then there are n edges from u to v, where n is the dimension of the k vector-space of irreducible morphisms from M to N. An .K-module is indecomposable if it has no non-trivial direct summands, and a morphism in C(R) is irreducible if it is not split but either g or h is split, for every pair of morphisms in C(R) w i t h / = gh. It is the condition that R be Henselian that focuses attention on indecomposable modules, since it ensures that all i?-modules are uniquely a direct sum of indecomposable modules. The aim then becomes the study of the AR quiver: R is of finite representation type if and only if the AR quiver is finite. The key idea is that of the AR sequence: let M and N be indecomposable maximal Cohen-Macaulay modules, and let s be a non-split exact sequence in C(R)
Suppose that for any non-split iMiomomorphism q: L -*• M in C(R) there exists an Rhomomorphism/: L-> E with q = pf. Then s is said to be an AR sequence ending in M. If there is an AR sequence ending in M, then it is shown that there can be only finitely many edges of the AR quiver ending in M. In fact, there exists an AR sequence ending in M, for all non-free indecomposable modules M in C(R), if and only if R is an isolated singularity. (R is an isolated singularity if R p is regular for all primes P except the maximal ideal.) It follows that the AR quiver is a locally finite graph when R is an isolated singularity. Conversely, it is demonstrated that if R is of finite representation type, then R is an isolated singularity.
These results (among many others) are proved in Chapters 2 to 5. Up to this point in the book, only two examples of rather simple AR quivers are constructed, and this not without considerable effort. This situation is rectified in the following pages, where many more examples of quivers are to be found. Chapter 6 gives a crucial result in this direction, showing that as long as R is suitably restricted, the AR quiver holds a Brauer-Thrall property. The property is that if the AR quiver has a connected component T, and there exists an integer b such that the multiplicity of every (module representing a) vertex of F is at most b, then T is finite and is the complete quiver. The local Cohen-Macaulay ring R here is restricted to an analytic ^-algebra, with k a perfect, valued field. This result, proved by Yoshino, is very useful in the construction of the examples throughout the rest of the book. In fact, since publication of the book, the results of Chapter 6 have been generalized: by Popescu to less severely restricted classes of rings [2] and by Cipu, Herzog and Popescu [1] to larger categories of modules.
Equipped with the Brauer-Thrall theorem, the next task to be attempted is the classification of those rings having finite representation type. The author first presents a brief (but readable) review of Eisenbud's matrix factorization theory, which is put to use in the analysis of the AR quivers of simple hypersurface singularities. R is a hyper surface if R = S/fS, where S is a regular local ring and 0 # / e S, where as always R is assumed to be Henselian and Cohen-Macaulay. If the set {I\I is a proper ideal of S a n d /^/ 2 } is finite, then R is called a simple hypersurface singularity. It transpires that a hypersurface is simple singularity if and only if it is of finite representation type. The ' if part of this theorem follows from the fact, proved in Chapter 8, that if a ring A is Gorenstein and is the image of a regular local ring then if A is of finite representation type it is a simple hypersurface singularity. By the time the 'only if direction has been established (in Chapter 12), simple hypersurface singularities have been completely classified, up to isomorphism, and their AR quivers constructed: they are all finite.
The final chapters of the book cover further examples of the use of the theory in specific situations. In Chapter 13, for example, it is shown how the Grothendieck group of C(R) can be computed from the AR quiver when the latter is finite (and can itself be constructed), whilst in Chapter 17 the homogeneous Cohen-Macaulay rings of finite representation type are completely classified.
The book is written in a clear, uncomplicated and unhurried style which nevertheless achieves brevity and precision. Primary objectives are always kept clearly in view, and in the statement of results clarity is never sacrificed to generality. In addition, the book is well-structured and conscientiously cross-referenced. The index does, however, leave something to be desired. All the results stated are proved in the text with the exception of a half dozen well-known ones for which references are provided. The one exception to this is Chapter 1, which outlines the prerequisites required of the reader. Most of these are standard commutative algebra, but where they are not, what references there are tend to be rather obscure.
To those algebraists wishing to learn about this subject, the book provides a detailed introduction, an invaluable time saver and an enjoyable read. It should also be a useful catalogue of examples and a ready source of references and results for those already working in the area. The mathematical study of network reliability problems has received considerable impetus from its application to the design of computer networks, communication systems and distribution systems. However, the small amount of evidence available to the reviewer suggests that at the present time the theory of network reliability is of relatively minor importance in the work of practical network designers. The reader of Shier's monograph will find no discussion of the practical importance of the subject area, nor will he or she find anything approaching a comprehensive account of the theory itself. In particular, there is only a superficial discussion of alternative reliability measures, and no account of synthesis methods for reliable networks, and the work concentrates on edge failures rather than node or mixed failures.
In place of such a comprehensive account of the subject area, Shier has set out to emphasise the role of algebraic structures (partially ordered sets, lattices, semilattices and spaces of polynomials) underlying certain network reliability problems. In this he has been very largely successful. The book is very readable, although some readers might prefer a slower pace when the central algebraic ideas are introduced, rather than being left to prove many of the preliminaries for themselves.
Suppose that G = (TV, E) is a directed network with a source node s and a destination node t. The nodes of G are assumed perfect and the edges keE are assumed to fail with known probabilities q k = 1 -p k . The central problem studied is the calculation of R st (G), the probability that there is a path of operative edges from s to / in G. After a brief account of network reliability measures in Chapter 1, Chapter 2 discusses a variety of general approaches for calculating R st (G) , and explains why the problem of calculating R st {G) is # P-complete. In Chapter 3, algebraic operations are defined in order to obtain a functional representation as a polynomial in the given edge reliabilities, and the main algebraic formulation is developed. In Chapter 4, several methods for producing upper and lower bounds on network reliability are surveyed. This approach appears to have the potential for supplying efficiently the answers required by practical network designers. Chapter 5 discusses several techniques for generating, in a relatively efficient manner, the paths and cutsets of an arbitrary network. The underlying algebraic structure of Chapter 3 is modified so that paths and cutsets can be enumerated by purely algebraic methods. Chapter 6 makes use of such generated paths and cutsets, to produce ' pseudopolynomial' algorithms
